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Summary-Young male Sprague-Dawley rats were fed oral supplements of vitamin A; 
either a subtoxic dose of 5000 i.u./day for 16 weeks (10 animals), or a toxic dose of 
15,OOOi.u./day for 16 days (5 animals). High-dose animals exhibited signs of acute 
toxicity; low-dose animals demonstrated only less weight gain than controls. Vitamin A 
sera and liver levels evidenced intoxication. Light and electron microscopy were con- 
ducted upon acini, intercalated ducts, and striated-granular ducts of the submandibular 
gland. Acinar cells evidenced rough endoplasmic reticulum clefting and hyperplasia of 
both rough endoplasmic reticulum and Golgi apparatus similar to changes produced 
by pilocarpine or isoproterenol and interpreted as hyperactivity. Also increased were 
the number of degenerating acinar cells. Striated-granular duct cells were similar to 
controls except for increased cellular degeneration. Intercalated ducts appeared unaffec- 
ted. Abnormalities were more pronounced in short-term, toxic hypervitaminosis A than 
long-term, subtoxic hypervitaminosis A. 
INTRODUCTION 
VITAMIN A has several dose-dependent effects on epithelial cells. Deficient levels cause 
cells that normally produce mucin to form keratin (NIELSEN et al., 1966; PARNELL 
and SHERMAN, 1962; WOLBACH and HOWE, 1925). Excess vitamin A has an antikera- 
tinizing effect on epithelial cells, and in sufficiently high doses causes mucous metaplasia 
of keratinizing epithelium (BERN et al., 1955; BERN and LAWRENCE, 1962; HARDY, 
1968; JACKSON and FELL, 1963; LAWRENCE and BERN, 1961; NEW, 1963). Increase 
as well as decrease of mitotic activity in epithelia has been reported to be vitamin A 
dependent (LAWRENCE and BERN, 1958; SHERMAN, 1961). 
Previous studies of the effect of vitamin A upon salivary gland epithelia have been 
limited to deficiency. As in other epithelia, squamous metaplasia with keratin produc- 
tion by ductal cells was demonstrated (HAYES, MCCOMBS and FAHERTY, 1970; PARNELL 
and SHERMAN, 1962; TROWBRIDGE, 1969). Also in vitamin A deficiency, potentiation 
of chemically induced salivary gland neoplasia has been described (ROWE et al., 1970). 
What effect excess vitamin A might have on cells of salivary gland tissue has not been 
reported. 
MATERIALS AND METHODS 
In the first of 2 investigations, long-term, subtoxic doses of vitamin A were used to produce 
hypervitaminosis. Twenty male Sprague-Dawley rats weighing 81 l 2 g were separated into 2 equal 
groups (A and B). Group A rats were fed 10,OfKl i.u. of vitamin A (Aquasol A USV Pharmaceutics) 
orally once every 2 days; group B served as controls. All were fed Purina laboratory chow and water 
1609 
1610 J. A. REGEZI AND N. H. ROWE 
ad libitrdm and weighed bi-weekly. Animals, 6 per cage, were maintained in a constant temperature 
and humidity environment. Animals were terminated after an experimental period of 16 weeks. 
In the second investigation, short-term, toxic doses of vitamin A were used. Ten male Sprague- 
Dawley rats weighing 110 & 4 g were randomly separated into 2 equal groups (C and D). Group C 
rats were fed 50,000 i.u. of vitamin A orally per day; group D rats served as controls. Diets and envir- 
onmental conditions were otherwise identical to those for groups A and B. Animals were weighed 
every 4 days and terminated at the end of 16 days. 
At termination, the submandibular glands of experimental and control animals were exposed 
through a ventral incision. The posterior half of the left gland was excised and immediately placed 
in fresh 3 per cent glutaraldehyde and fixed for 2 hr at 4°C. Tissue was rinsed in phosphate buffer, 
post-fixed in 1 per cent osmium tetroxide in veronal buffer, washed with distilled water, dehydrated 
in a graded series of ethanol, and embedded in Epon 811. Sections of 600-900 nm thickness were cut 
with glass knives on a Sorvall Porter-Blum MT-w ultra-microtome, double-stained with 7.6 per cent 
uranyl acetate in distilled water and Millonig’s lead stain, examined and photographed in a Zeiss 9 S 
electron microscope (PEASE, 1964). 
Thick sections for light microscopy were also cut from the Epon blocks for purposes of orientation 
and correlation. Sections O-5-1 .O pm thick were mounted on glass slides and stained with a 1 per 
cent solution of toluidine blue, saturated with sodium borate. 
The right and the remaining halves of the left submandibular glands were fixed in 10 per cent 
formalin and processed by standard histologic techniques for light microscopy. 
Livers from 3 rats in each group were removed, pooled, and frozen for laboratory analysis of 
vitamin A (Younger Laboratories, 123 Cliff Cave Road, St. Louis, Missouri). Also for each group, 
3 ml of blood from each of 3 rats was obtained by intracardiac aspiration, pooled, and serum vitamin 
A determined (Bio-Science Laboratories, 7600 Tyrone Avenue, Van Nuys, California). 
Biochemical determinations 
RESULTS 
Serum vitamin A determinations were made using the method of SOBEL and SNOW 
(1947). Groups A and B sera showed no difference in vitamin A levels, while group C 
was more than 16 times that of group D. 
Liver determinations of vitamin A were made using the method of DANN and 
EVELYN (1938). The experimental groups A and C showed remarkably high levels of 
vitamin A compared to their respective controls (Table 1). 
Group 
Serum Liver 
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Gross observations 
Rats of group A showed less weight gain per unit time than controls, and began 
to lose weight at the fourteenth experimental week. The difference in mean weights 
between groups A and B was not statistically significant until the sixteenth week 
(p < 0.01). 
Rats of group C (Short-term, toxic hypervitaminosis) initially showed arrested 
growth followed by progressive weight loss. A significant difference in mean weights 
was apparent by day 6 (p < 0.01). Controls exhibited a steady rapid weight gain. 
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Rats of group A appeared only slightly smaller in size than the group B rats by 
the end of the sixteenth week. Animals from groups A and B were normal in appear- 
ance and behaviour. Group C rats appeared lethargic, inactive, and smaller than con- 
trols. Hair loss occurred primarily around the mouth and continued caudally along 
the ventral surface. Elsewhere, fur was dull, matted, and shaggy. 
Microscopic observations 
lntralobular parenchyma (acini, intercalated ducts, and striated-granular ducts) 
were studied. Submandibular glands of control rats appeared as described in the 
literature (JACOBY and LEESON, 1959; LEESON and JACOBY, 1959; SCOTT and PEASE, 
1959; TAMARIN and SREEBNY, 1965). 
Frequent “washed out” appearing or degenerating acinar cells were seen in the 
submandibular glands of group A. Similar cells were also apparent in group C, 
but were less frequent. These cells, with light microscopy, exhibited dark fibrillar 
material set in a lighter cytoplasmic background (Fig. 1). Ultrastructurally they 
contained damaged rough endoplasmic reticulum, some evidence of residual Golgi 
vesicles, and a few irregularly shaped mucin granules. The disrupted organelles were 
found in a light-staining cytoplasm that was the same electron density as the acinar 
lumina (Fig. 2). Desmosomal attachments could be seen between these and normal 
neighbouring cells. Degenerating cells were infrequently seen in controls. A few striated- 
granular duct cells showed features of degeneration in the form of dilated rough endo- 
plasmic reticulum cisternae, distorted organelles, and shrunken, irregular nuclei 
(Fig. 3). 
Except for degenerative changes, acini of group C consistently exhibited more 
exaggerated alterations than group A. Acinar cells demonstrated enlarged ergasto- 
plasmic areas. These areas appeared thickened and widened across the base and had 
many spindle-shaped, parallel clefts, evident to some degree in all cells (Fig. 4). 
Many acinar nuclei appeared larger than normal with prominent nucleoli and dense 
peripheral chromatin rings. Ultrastructurally, acinar cells displayed hyperplastic 
rough endoplasmic reticulum and clefting (Figs. 5 and 6). Acinar lumina and inter- 
cellular canaliculi were readily found due to dilatation and relative electron-lucency 
when compared to adjacent mucin granules (Fig. 7). 
Intercalated duct cells were similar to controls. Granular duct cells were compar- 
able to controls, except for some cells in group C which had a few small zymogen 
granules indicating immaturity. Striated ducts resembled controls except for the occa- 
sional degenerating ductal cells previously noted. 
There was no evidence of mucous metaplasia in the intralobular ductal epithelium 
of either experimental group. Also, there was no change in the appearance of the 
mucin granules in the acinar cells in either treatment group. 
DISCUSSION 
Differences in animal age, route of administration, and type of vitamin A (i.e. 
mammal liver, emulsions, synthetic) are unimportant in the production of hyper- 
vitaminosis A (RODAHL, 1950). What remains for clarification are the time-dose 
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relationships. Vitamin A levels used in this study were based on previously reported 
studies (BRENNER and BROOKS, 1942; LEWIS et al., 1942; MISRA, 1968 ; RODAHL, 
1950). 
Confirmation that hypervitaminosis A occurred was made by serum and liver 
Vitamin A determinations. Values reported elsewhere as normal for vitamin A content 
range from 8.5 to 112 i.u./lOO ml of serum, and from 27 to 113 i.u./g of liver (BRENNER 
and BROOKS, 1942; GLOVER, GOODWIN and MORTON, 1947; LEWIS et al., 1942). 
Although both groups A (long-term, subtoxic hypervitaminosis) and B (control) 
had similar normal serum values, liver values differed significantly, which indicated 
that group A rats were hypervitaminotic. The modest transient elevations of serum 
vitamin A over the 16-week experimental period had resulted in storage of excess 
vitamin A. Both serum and liver vitamin A in group C (short-term, toxic hypervita- 
minosis) were markedly elevated. The more frequent higher doses administered to 
animals in this group had resulted in incomplete serum clearance despite increased 
liver storage of absorbed vitamin A. It has been shown that normally the serum level 
of vitamin A is maintained relatively constant and does not reflect the liver store 
(BRENNER and BROOKS, 1942; GLOVER et al., 1947). Also no direct relationship 
has been demonstrated between severity of clinical symptoms and serum levels 
(RODAHL, 1950). Thus, liver values rather than serum content provide the better 
indicator of vitamin A deficiency or intoxication. 
The observed alterations (hyperplastic and hypertrophied Golgi apparatus and 
rough endoplasmic reticulum, clefting of rough endoplasmic reticulum, premature 
granule formation, and dilated, electron-lucent acinar luminal spaces) are interpreted 
to indicate acinar hyperactivity. Catecholamines administered to rats resulted in 
salivary gland enlargement due to hypertrophy and hyperplasia of acinar cells and 
their ergastoplasm; features indicative of increased protein synthesis (POHTO, 1966). 
Ultrastructural changes in the submandibular gland of the rat following isoproterenol 
administration included hypertrophic rough endoplasmic reticulum and Golgi appara- 
tus, increased numbers of ribosomes, dilatation of secretory canaliculi, swollen nuclei 
and enlarged nucleoli (KANDA, MAYFIELD and GHIDONI, 1968; TAKAHAMA and BARKA, 
1967). It was concluded that isoproterenol stimulated salivary secretions, DNA 
synthesis and mitotic activity. Pilocarpine administration increased both PAS stain- 
ing and salivation (BIXLER, WEBSTER and MUHLER, 1958). Increased secretory activity 
was obtained in another study by the techniques of fasting-refeeding, pilocarpine, 
and electrical stimulation. Results, most dramatic to pilocarpine, were hyperplasia 
and hypertrophy of acinar RER and Golgi apparatus. Whorls and cisternal dilata- 
tions of rough endoplasmic reticulum were also seen (SCOTT and PEASE, 1964). 
The degenerating acinar cells and disrupted ductal cells observed in both experi- 
mental groups contained fragmented and disoriented organelles. Similar-appearing 
cells have been reported in the pancreas following injections of ethionine (FITZGERALD 
and HERMAN, 1965). Rough endoplasmic reticulum disruption, acinar vacuolization, 
loss of ribosomes from rough endoplasmic reticulum, and cytoplasmic debris were 
observed. These features were interpreted as degenerative changes. Similar changes 
have been reported in liver cells following treatment with carbon tetrachloride (CHRIS- 
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TIE, 1968) Aflatoxin B1 (BUTLER, 1966) and other toxins (BUTLER, 1968). The most 
consistent features were disruption of rough endoplasmic reticulum, dilatation of 
rough endoplasmic reticulum cisternae and Golgi apparatus, and mitochondrial 
swelling. Increased incidence of degenerating cells in a hyperactive gland suggest 
premature cell death from overwork or exhaustion. It is also possible that degeneration 
was due to an intracellular action of vitamin A. It is known that excess vitamin A 
causes increased cell and organelle membrane permeability (BELANGER and CLARK, 
1967; DINGLE, 1961; DINGLE, LUCY and FELL, 1961). This could have been responsible 
for release of lysomal enzymes with subsequent autolysis. 
Vitamin A does not produce morphologic evidence of altered protein metabolism 
in ductal cells. It can, however, be added to the list of agents that cause acinar 
hyperactivity. It was not determined whether the submandibular gland was directly 
or indirectly affected by vitamin A, nor what effect its administration had on other 
organs. The possibility must be considered that the alterations observed were a reflec- 
tion of injury to, or stress upon, another organ or organs which secondarily affected 
cells of the submandibular gland. 
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R&urn&-De jeunes rats miles Sprague-Dawley ont recu per OS de la vitamine A, soit 
une dose sub-toxique de 5000 i.u./jour pendant 16 semaines (10 animaux), soit une dose 
toxique de 15.000 i.u./pendant 16 jours (5 animaux). Ces derniers presentent des signes 
d’intoxication aigue: alors que le premier groupe ne presente qu’une perte de poids par 
rapport aux temoins. Les taux en vitamine A du strum et du foie temoignent de l’intoxi- 
cation. Des examens de microscopic classique et Blectronique ont ete rtalises au niveau 
des acini, des canalicules intercalaires et des canalicules stries et granulaires de la glande 
sous-maxillaire. Les cellules acineuses presentent des ruptures de l’ergastoplasme ainsi 
qu’une hyperplasie de ce dernier et de l’appareil de Golgi. Ces lesions, identiques a celles 
provoquees par la pilocarpine ou l’isoprottnerol, tdmoignent d’une hyperactivite. Le 
nombre des cellules acineuses degenerees est aussi augmentee. Les cellules des canalicules 
stries et granulaires paraissent intactes. Les anomalies sont plus apparentes au tours 
de l’hypervitaminose A toxique, provoquQ rapidement que par hypervitaminose A 
prolong&e avec des doses sub-toxiques. 
Zusammenfassung-Junge Sprague-Dawley Ratten, mlnnlichen Geschlechts, erhielten 
mit ihrer Nahrung einen Zusatz an Vitamin A: einerseits eine subtoxische Dosis von 
5000 i.u./Tag, wiihrend 16 Wochen (10 Tiere), andererseits eine toxische Dosis von 
15.000 i.u./Tag, wlhrend 16 Tagen (5 Tiere). Bei den letzteren treten akute Vergiftungser- 
scheinungen auf, wahrend die erste Gruppe nur einen Gewichtsverlust, gegentiber den 
Test-Tieren zu verzeichnen hat. Der Gehalt an Vitamin A, von Serum und Leber kann 
als Beweis fur die Vergiftung betrachtet werden. Am klassischen und elektronischen 
Mikroskop, werden iiber die Acini, die Zwischenkaniilchen, die striierten und granular 
Kanaailchen der Unterkieferspeicheldriise Untersuchungen vorgenommen. Die Zellen 
der Acinus lassen Zerreissungen des endoplasmatischen Retikulums erkennen, sowie 
eine Hyperplasie derselben und such des Golgi Apparates. Die Gewebsverlinderungen, 
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die identisch sind mit denen die durch Pilocarpin oder Isoprotenerol entstehen, sind der 
Beweis einer Uberaktivitat. Die Anzahl der degenerierten Zellen der Acinis ist such 
erhiiht, wiihrend diejenigen der striierten und granular Kaniilchen intakt zu sein scheinen. 
Die aufgetretenen Anomalien kommen offensichtlicher zum Vorschein im Verlauf der 
schnell provozierten toxischen Hypervitaminose A, als bei der, auf lingerer Sicht, 
hervorgerufenen sub-toxischen Hypervitaminose A. 
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PLATE 1 
FIG. 1. Epon-embedded section of submandibular gland acinus with a nucleated 
degenerating acinar cell. Toluidine blue. x 1000 
FIG. 2. Electron micrograph of cytoplasm of degenerating acinar ceil showing damaged 
rough endoplasmic reticulum (R), Golgi apparatus (G), and mucin granules. Note 
acinar lumen with associated desmosomes (upper left comer). x 8000 
FIG. 3. Electron micrograph of degenerating striated-granular duct cell. Note damaged 
organelles. x 8000 
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FIG. 4. Epon-embedded section of submandibular gland from short-term, toxic hyper- 
vitaminosis A rats. Note acinar cells with clefting of hyperplastic ergastoplasm, large 
nucleoli, enlarged acinar lumen (middle right) and degenerating acinar cell (middle left). 
xlooo 
FIG. 5. Electron-micrograph of short-term toxic hypervitaminosis A acinar cell. Note 
clefting of hyperplastic rough endoplasmic reticulum. x 12,000 
1618 J. A. REGEZI AND N. H. ROWE 
PLATB 3 
FIG. 6. High magnification electron-micrograph of hyperplastic acinar rough endoplasmic 
reticulum. Note clefting and Golgi apparatus (lower right) and nucleus (lower left). 
x 34,000 
FIG. 7. Electron-micrograph of acinus with enlarged electron lucent lumen and inter- 
cellular canaliculus (upper right). Note clefting of rough endoplasmic reticulum and 
prominent Golgi apparatus. x 7000 
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